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AImtraet--Several strategies are suggested forstochastic model application i  water resource engineering. 
Forecasting efficiency an be greatly increased by stochastic models, as these models take into account 
the uncertainty involved in the forecasting process. 
1. INTRODUCTION 
Stochastic models are finding increasing applications in water resource ngineering. Stochastic 
models in water esource ngineering can be gainfully employed for: (a) uncertainty forecasting of 
changes in rainfall patterns; (b) uncertainty forecasting of flooding in flood-hit areas; (c) 
uncertainty forecasting of fiver flows; (d) uncertainty forecasting of lake water volumes; (e) 
uncertainty forecasting of groundwater yield; (f) uncertainty forecasting of seasonal changes in the 
groundwater table; and (g) uncertainty forecasting ofwater quality violations in rivers and streams. 
2. UNCERTAINTY FORECASTING OF YEARLY CHANGES IN 
RAINFALL PATTERNS 
Rainfall patterns can be expected to show wide seasonal changes in a particular locality. For 
reasonable rainfall forecasting in a particular locality, all available data on rainfall patterns during 
the last 50 years are collected and an average rainfall value is computed. The average rainfall value 
is then randomized between the limits of the minimum and maximum rainfall values in a particular 
locality [1, 2]. The median value is then selected as the most maximum likelihood estimate of rainfall 
intensity during any year of the next 50 years. For a reasonable forecast of rainfall intensity during 
the subsequent year, the average rainfall intensity value is randomized between the limits of the 
average rainfall and the previous year's actual rainfall value. The median value is then selected as 
the most maximum likelihood rainfall estimate with some amount of uncertainty. The value is 
therefore randomized between limits assuming a 5% variance from the mean value. The median 
value is then selected as the most maximum likelihood rainfall estimate for the next year with a 
much smaller amount of uncertainty. The strategy is presented in Fig. 1. 
3. UNCERTAINTY FORECASTING OF FLOODING IN FLOOD-HIT AREAS 
In a similar fashion, the flood probability in a particular area during any particular period can 
be forecast by application of stochastic models. For this purpose, all available data regarding 
flooding in a particular area during the last 50 years are collected. If flooding occurred 10 times 
during the last 50 years, the flood probability during any year in the future is 0.1. The flood 
probabifity can be expected to increase with an increase in the flood frequency in a particular area. 
An average stimate of the flood probability for any year in the future is computed based on the 
flood frequency, as mentioned above. The probability value thus computed indicates the flood 
probability during any year in the future. This probability value can be expected to have some 
amount of uncertainty. So, the value is randomized between uncertainty limits assuming a 5% 
variance from the mean value. The median values is then selected as the most maximum likelihood 
flood probability value during any year in the future. The strategy is presented in Fig. 2. 
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Fig. 1. Stochastic model development for forecasting seasonal changes in rainfall patterns. 
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Fig. 2. Stochastic model application in flood probability forecasting. 
4. UNCERTAINTY FORECASTING OF RIVER FLOWS 
River flow forecasting is essential as this factor greatly influences the dissolved oxygen regime 
in rivers and streams. Wide fluctuations in rivers and streams can bc forecast reasonably by taking 
the river flow uncertainty into account. For this purpose, all available data on daily variations in 
river flow during the previous year are taken into account and a daily average river flow value is 
computed. This value represents the average river flow value for any day during the next year. This 
value, however, can be expected to have some amount of uncertainty. So, the value is randomized 
between uncertainty limits assuming a 5% variance from the mean value. The median value is then 
selected as the most maximum likelihood river flow value during any day of the subsequent year. 
The strategy is presented in Fig. 3. 
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Fig. 3. Stochastic model application in uncertain river flow forecasting. 
5. UNCERTAINTY FORECASTING OF LAKE VOLUMES 
Lake water volume forecasting is needed for developing appropriate planning strategies for lake 
water utilization for irrigation as well as for domestic onsumption. Further appropriate lake water 
volume forecasting is needed to prevent shoreline erosion in a catchment area. For this purpose, 
lake water volumes observed during the last 10 years for a particular lake are taken into account. 
An average lake water volume is thus computed. This figure is then randomized between the limits 
of the minimum and maximum lake water volume values. The median value is then selected as the 
most maximum likelihood lake water volume estimate for a particular year. This value, however, 
can have some amount of uncertainty. So, the value is randomized between the limits of the 
minimum and maximum values. The median value is then selected as the most maximum likelihood 
lake water volume for a particular year. The strategy is presented in Fig. 4. 
6. UNCERTAINTY FORECASTING OF GROUNDWATER YIELD 
Forecasting roundwater yield is necessary in developing appropriate strategies of groundwater 
utilization. For this purpose lake water volumes observed uring the last 10 years for a particular 
lake are taken into account. An average lake water volume is then computed. This figure is then 
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Fig. 4. Stochastic model application in uncertain lake water volume simulation. 
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randomized between the limits of the minimum and maximum values. The median value is then 
selected as the maximum likelihood lake water volume during a particular year. This value can 
again have some uncertainty. So, the value is radomized between the limits of the minimum and 
maximum values. The median value is then selected as the most maximum likelihood lake water 
volume for a particular year. The strategy is presented in Fig. 4. 
7. UNCERTAINTY  FORECAST ING OF SEASONAL CHANGES IN 
GROUNDWATER TABLE 
Forecasting seasonal changes in the groundwater table is necessary in developing appropriate 
strategies for groundwater utilization. For this purpose all available data on seasonal changes in 
groundwater levels during the last 10 years are collected (10 years might be an appropriate period 
as data might not be available beyond this period). Average values of seasonal changes in the 
groundwater table are calculated. Average values are then randomized between the limits of the 
minimum and maximum values. The median value is then selected as the most maximum likelihood 
seasonal change value in the groundwater table. The strategy is presented in Fig. 5. 
8. UNCERTAINTY  FORECAST ING OF WATER QUAL ITY  V IOLAT IONS IN 
R IVERS AND STREAMS 
Water quality violations in rivers and streams can be forecast by utilizing stochastic models. For 
this purpose, one can take a representative example of a dissolved oxygen water quality model. 
Model parameters constituting a dissolved oxygen water quality model are randomized between 
limits in the upper and lower uncertainty ranges. Model parameters are then randomly selected 
from assumed statistical distributions and are then substituted in the model. These stochastically 
simulated values can still be expected to have some amount of uncertainty. So, the values are 
randomized between the limits of the minimum and maximum observed values during the previous 
year. The median values are then chosen as the most maximum likelihood issolved oxygen values 
in a river or stream. 
In the stochastic modeling strategy which is presented in Figs 6-8, model parameters and model 
coefficients constituting a dissolved oxygen model are randomized in the upper and lower 
uncertainty ranges. Model parameters and model coefficients are then randomly selected from 
assumed statistical distributions and are then substituted in the model. The median values are then 
selected as maximum likelihood values. The maximum likelihood values are then randomized 
between the limits of the minimum and maximum observed values during the preceding year. The 
median values arc then selected as the maximum likelihood values with some amount of uncertainty 
which are then randomized between limits assuming a 5% variance from the mean. The median 
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Fig. 5. Stochastic model application in uncertainty forecasting of groundwater table levels. 
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Fig. 6. First stage stochastic simulations ofdissolved oxygen water quality violations in the rivers and 
streams. 
values are then selected as the most maximum likelihood values. The probability of violations is 
estimated from randomly generated values. The probability is taken as 0.1 for l0 randomly 
generated values falling below normal levels. The probability factor increases by a fraction of 0.1 
for an increase of 10 dissolved oxygen values falling below normal limits. The total number of 
randomly simulated values should be 100, which makes a probability of I if all values fall below 
normal limits. The probability estimate values are then randomized between upper and lower 
uncertainty limits assuming 5% variance from the mean value. The median values are then selected 
as the most maximum likelihood estimates of dissolved oxygen water quality violations. 
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Fig. 7. Second stage stochastic simulation of dissolved oxygen water quality violations in rivers and 
streams. 
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Fig. 8. Third stage stochastic simulation of dissolved oxygen violations in rivers and streams. 
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